OBJECTIVE: A polymorphism in the b b 3 -adrenergic receptor (b b 3 -AR) has been described and consists of an amino acid substitution at position 64 where tryptophan is replaced by arginine (Arg allele). This polymorphism appears to be a modest contributor to obesity and non-insulin dependent diabetes mellitus (NIDDM), and may be dependent on gender, gene dosage, ethnic background and environmental factors. We have investigated whether the Trp64Arg polymorphism of the b b 3 -AR was associated with body mass index (BMI), blood pressure or the presence of NIDDM in Alaskan Eskimos. SUBJECTS: Two hundred and ®fty four Alaskan Eskimos from two distinct villages (Inupiaq and Yupik). MEASUREMENTS: b b 3 -AR genotypes were determined by polymerase chain reaction followed by enzymatic digestion. RESULTS: The frequency of the Arg allele in Alaskan Eskimos was 0.38 and represents the highest Arg allele frequency in any population reported to date. 13.8% of the population were homozygous for the Arg allele, 47.6% heterozygous, and 38.6% lacked the Arg allele. However, the Arg allele was not associated with BMI, blood pressure or the presence of NIDDM in Alaskan Eskimos. CONCLUSION: These data do not support a signi®cant role for the b b 3 -AR Arg allele as a marker for obesity (as measured by BMI) or the presence of NIDDM in Alaskan Eskimos. It is possible that other phenotypic variables, not yet available for analysis in this population, may be associated with the presence of the Arg allele.
Introduction
The b 3 -adrenergic receptor (b 3 -AR) is primarily, but not exclusively, expressed in white and brown adipose tissue. A polymorphism in the gene, encoding the human b 3 -AR, has recently been identi®ed which results in the replacement of tryptophan by arginine (Arg allele) at position 64 in the intracellular region of the receptor. 1 Association of the frequency of the variant allele with traits related to diabetes and obesity in several ethnic groups, suggests that subjects having the Arg allele may be more susceptible to obesity, insulin resistance and earlier onset of non-insulin dependent diabetes mellitus (NIDDM).
1±4
Studies in Pima Indians, 1 French Caucasians, 4 Finns, 3 Danes, 5 Japanese 2 and Australian Caucasians, 6 have shown modest associations of the Arg allele with various anthropometric markers of obesity and diabetes. However, linkage studies in the Quebec Family Study Cohort reported no association of the Arg allele with obesity-related phenotypes. 7 These results suggest that the association of the Arg allele with obesity, may be dependent on gene dosage, ethnicity, gender and possibly environment. 8 To test this hypothesis, we screened Alaskan Eskimos for the presence of the Arg allele and its association with the obese phenotype.
Methods
Subjects from two villages on the western coast of Alaska, one Inupiaq (107 subjects), the other Yupik (147 subjects), were restriction isotyped for the presence of the b 3 -AR Arg polymorphism. All of the study subjects were participants in the ongoing Alaska Siberia Medical Research Program. 9 The study was conducted with the written approval of the University of Alaska IRB, Indian Health Service IRB and the informed consent of all subjects. Selection of the study population was based on data indicating that the incidence of obesity was higher in the Inupiaq village compared to the Yupik village (Ebbesson, unpublished) . Whether or not genetic divergence between the Inupiaq and Yupik is suf®cient for them to be considered separate ethnic groups is unknown, however, current data indicate that there are genetic differences between the two groups. 10, 11 Selection of the subjects was random and not based upon the presence of either diabetes or obesity.
Blood pressure was measured after 30 min of rest with the subject seated. Values reported, represent the average of the last two of three measurements. Subjects were screened for the presence of NIDDM and diagnosed as per World Health Organization criteria (fasting glucose ! 7.8 mmolal or 2 h glucose ! 11.1 mmolal). 12, 13 Menopausal status of the female subjects was not known.
Blood samples and anthropometric data were collected as described. 9, 14, 15 Genomic DNA was prepared from whole blood or a buffy coat fraction using the QiaAmp Blood kit (Qiagen, Chatsworth CA (USA)). The polymerase chain reaction (PCR) was performed on 75 ng of genomic DNA, essentially as described. 3 We adopted a modi®ed touchdown PCR technique, 16 to minimize mispriming and to generate a stronger signal. PCR reactions were performed with the following cycle settings C for 1 min, 72 C for 1 min]; 1 6 72 for 10 min. DNA products were then digested with BstNI, electrophoresed and scored as described. 3 Associations between variables for quantitative traits were performed utilizing analysis of variance. Chi-square tests were performed for the association of body mass index (BMI) with genotype in the upper and lower quartiles of the BMI for each population. 
Results
The frequency of the Arg allele in the total population was 0.38 and the genotypes were in Hardy-Weinberg equilibrium. 13.8% of the population were homozygous for the Arg allele, 47.6% heterozygous, and 38.6% lacked the Arg allele. The allele frequency is uniform across the populations as well as within village groups and by gender (Table 1) . Based on an allele frequency of 0.38, we would expect 14.4% of the population to be homozygous for the Arg allele; however, analysis of the genotype frequencies of Arg homozygosity by gender and age, indicate a signi®-cant underrepresentation of female homozygotes age 44 y (4a65 (6%) 44 y vs 14a70 (14%) ! 45 y; P 0.02). There was a nonsigni®cant trend in the same direction in male homozygotes (7a59 (12%) 44 y vs 10a60 (17%) ! 45 y P 0.6). Additionally, male and female homozygotes combined age 44 y were under-represented (11a124 (9%) 44 y vs 24a130 (18%) ! 45 y; P 0.03).
There was no signi®cant association between BMI and the Arg allele within the whole population or in any subgroup, but there was a tendency for Inupiaq individuals with a higher BMI to be homozygous for the Arg allele (data not shown). To address this observation, we divided the whole population of Inupiaq and Yupik individuals into upper and lower quartiles of BMI and conducted a chi-squared analysis. There was no signi®cant association of genotype and BMI between upper and lower quartiles of the groups (Table 2) .
No association between the Arg allele and the presence of NIDDM was detected in any of the groups, however, only 21 of the 254 subjects were diabetic (data not shown). Systolic and diastolic blood pressure were also not associated with the presence of the Arg allele (data not shown).
Discussion
Ethnic background, gene dosage and gender may be important determinants of the effect, if any, that the Arg allele may have in a given population. 8 Walston et al, 1 showed that Pima men (and perhaps women) aged . 45 y and homozygous for the Arg allele were under-represented. By comparison, we found that Eskimo women (and perhaps men) who were aged , 45 y and homozygous for the Arg allele, were under-represented. These associations were of borderline statistical signi®cance and could be spurious. Neither analysis was corrected for multiple comparisons. Alternatively, the Arg allele may be in linkage disequilibrium with another mutation in the b 3 -AR allele or another gene nearby that affects longevity. This could explain the discrepancy between which b 3 -AR allele is represented by age in each population, but not the discrepancy between which gender is under-represented. Finally, differing environmental in¯uences or genetic background could explain why homozygosity may be selectively disadvantageous in Pima men, yet selectively advantageous in Eskimo women. Further studies are required to determine which of these explanations is valid.
Quantitatively, the Alaskan Eskimo population studied, possesses the highest allele frequency of the Arg polymorphism described to date, yet we observed no association of the variant allele with available phenotypic variables (BMI, blood pressure or the presence of NIDDM). It is possible that the presence or lack of other susceptibility genes in any given population or their environment, may reinforce or disguise the modest effect of the Arg allele by itself. 8 Several study populations required only that a subject be heterozygous for the Arg allele before phenotypic expression was apparent, 3, 4, 6 while others required homozygosity for the Arg allele for phenotypic expression. 1 In our study, as with the Pima study, subjects homozygous for the Arg allele failed to show any association of the Arg allele with BMI. It is interesting that both the Alaskan Eskimos and the Pima Indians have high Arg allele frequencies. It is possible that other phenotypic variables, not studied in this population, may be associated with the presence of the Arg allele. Further genotyping of additional candidate genes and more individuals 
